I[ntroduction]{.smallcaps} {#sec1-1}
==========================

The proper diagnosis and staging of lung cancer is critical for the optimal management of these patients. For central, endobronchial lesions, bronchoscope-guided biopsies are preferred as they have shown an acceptable yield. However, in the absence of a visible endobronchial target, the diagnostic yield was not satisfactory.\[[@ref1]\]

The endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) was initially developed for lymph node staging of lung cancer, which allowed real-time biopsy of the mediastinal and hilar lymph nodes. It has been shown to be highly effective in the nodal staging of nonsmall cell lung cancer (NSCLC) and benign granulomatous disorders.\[[@ref2][@ref3][@ref4]\]

Compared to common site of mediastinal and hilar lymph nodes, the indications for TBNA of peribronchial lesion remained limited. Here, we aimed to evaluate the diagnostic yield of EBUS-TBNA to peribronchial lung lesions suspicious for malignancy, with no visible lesions on bronchoscopy.

M[ethods]{.smallcaps} {#sec1-2}
=====================

Patients {#sec2-1}
--------

We completed a retrospective chart review of 72 patients with peribronchial lung lesions suspicious for malignancy with no visible lesions on bronchoscopy in The First Affiliated Hospital of Soochow University between January 2015 and August 2016. All patients provided written informed consent. Data of patients' age, gender, location of lesion, pathologic analysis, EBUS-TBNA, and conventional-transbronchial lung biopsy/brush (C-TBLB/b) usage were extracted from patient records.

Endobronchial ultrasound-guided transbronchial needle aspiration {#sec2-2}
----------------------------------------------------------------

All cases were performed by experienced interventional pulmonologists. EBUS-TBNA was performed due to both lack of an endobronchial target and adjacent to three grade bronchi based on chest computed tomography (CT) scan using a 21- or 22-gauge needle (Olympus Medical Systems, Japan). Once the target lesion had been visualized by ultrasound, a dedicated needle was assessed through the working channel of the EBUS bronchoscope and punctured through the tracheobronchial wall into the lesion under real-time ultrasound visualization. After EBUS-TBNA, C-TBLB/b was performed.

Final diagnosis {#sec2-3}
---------------

If improvement was seen on CT 3 months after EBUS-TBNA and/or C-TBLB/b, the lesions were regarded as benign. If EBUS-TBNA and/or C-TBLB/b did not result in a formal pathological diagnosis of malignancy, patients were referred for a transthoracic needle aspiration biopsy or a surgical diagnostic procedure.

Statistical analysis {#sec2-4}
--------------------

The positive findings from the biopsy were regarded as true-positive results in our analysis. Diagnostic sensitivity, specificity, accuracy, false negative rate, false positive rate, positive predicted value, negative predicted value, negative likelihood ratio, and Youden index were analyzed.

R[esults]{.smallcaps} {#sec1-3}
=====================

Patient characteristics {#sec2-5}
-----------------------

A total of 72 patients met the inclusion criteria. Median age was 64 years (range: 19--83 years), with 68.1% (49/72) being male patients. In all patients, the mass was able to be identified using EBUS in 97.2% (70/72), and 91.7% (66/72) had a final diagnosis, 56 patients had malignancies, ten patients had benign diseases \[[Table 1](#T1){ref-type="table"}\]. Representative images of EBUS-TBNA during the evaluation of lung lesions are shown in Figures [1](#F1){ref-type="fig"}--[2](#F2){ref-type="fig"}.

###### 

Patient\'s final diagnosis and efficacy of C-TBLB/b and/or EBUS-TBNA

  Type of disease                  Final diagnosis   C-TBLB/b   EBUS-TBNA   C-TBLB/b + EBUS-TBNA
  -------------------------------- ----------------- ---------- ----------- ----------------------
  Malignant                        56                32         48          53
   Squamous cell carcinoma         8                 6          8           8
   Adenocarcinoma                  25                11         21          22
   Small cell lung caner           6                 6          4           6
   Poor differentiated carcinoma   5                 1          5           5
   Metastatic carcinoma            2                 1          1           2
   Large cell carcinoma            1                 0          1           1
   Adenosquamous carcinoma         1                 1          0           1
   Inconclusive type               8                 6          8           8
  Benign                           10                5          8           10
   Lung abscess                    2                 0          2           2
   Organizing pneumonia            1                 0          1           1
   Pulmonary aspergillosis         2                 0          2           2
   Pneumonia                       3                 3          3           3
   Granuloma                       2                 2          0           2

C-TBLB/b: Conventional-transbronchial lung biopsy/brush; EBUS-TBNA: Endobronchial ultrasound-guided transbronchial needle aspiration.

![EBUS-TBNA in the evaluation of pulmonary aspergillosis. (a) Computerized scan of the chest showing right lower lobe lung mass. (b) No visible lesions were detected by bronchoscopy. (c) Endobronchial ultrasound image demonstrating the mass. (d) Pathological analysis confirmed the pulmonary aspergillosis (H and E staining, original magnification ×40). EBUS-TBNA: Endobronchial ultrasound-guided transbronchial needle aspiration.](CMJ-130-11-g001){#F1}

![EBUS-TBNA in the evaluation of lung squamous carcinoma. (a) Computerized tomography scan of the chest showing right lower lobe lung mass. (b) No visible lesion was detected by bronchoscopy. (c) Endobronchial ultrasound image demonstrated the needle within the mass. (d) Pathological analysis showed the squamous carcinoma (H and E staining, original magnification ×40). EBUS-TBNA: Endobronchial ultrasound-guided transbronchial needle aspiration.](CMJ-130-11-g002){#F2}

Diagnostic parameters of endobronchial ultrasound- guided transbronchial needle aspiration in malignant and benign diseases {#sec2-6}
---------------------------------------------------------------------------------------------------------------------------

The diagnostic sensitivity, specificity, accuracy, false negative rate, false positive rate, positive predicted value, negative predicted value, positive likelihood ratio, negative likelihood ratio, Youden index of EBUS-TBNA for benign diseases, malignancies, and all diseases (benign and malignant diseases) are shown in [Table 2](#T2){ref-type="table"}. EBUS-TBNA exhibited good sensitivity and specificity, especially the specificity to malignancies and sensitivity to benign diseases.

###### 

Diagnostic parameters of EBUS-TBNA in peribronchial lesions (*n* = 70)

  Items                           Benign   Malignant   Benign + malignant
  ------------------------------- -------- ----------- --------------------
  Sensitivity (%)                 100      85.7        87.9
  Specificity (%)                 85.7     100         100
  Accuracy (%)                    87.9     87.8        88.6
  False negative rate (%)         0        14.3        12.1
  False positive rate (%)         85.7     0           0
  Positive predictive value (%)   55.6     100         100
  Negative predictive value (%)   100      55.6        33.3
  Positive likelihood ratio       1.2      --          --
  Negative likelihood ratio       0        14.3        12.1
  Youden index                    0.86     0.86        0.88

--: Not applicable; EBUS-TBNA: Endobronchial ultrasound-guided transbronchial needle aspiration.

Diagnostic yield of endobronchial ultrasound-guided transbronchial needle aspiration in malignancies {#sec2-7}
----------------------------------------------------------------------------------------------------

In malignancies (*n* = 56), only using EBUS-TBNA, the pathologic diagnosis would be missed in eight patients if additional biopsy was not performed concomitantly. Similarly, the pathologic diagnosis would be missed in 12 patients if EBUS-TBNA was not concomitantly used with C-TBLB/b. Hence, in the case of combining C-TBLB/b and EBUS-TBNA, pathologic diagnosis would be missed in only three patients. Overall, as shown in [Figure 3](#F3){ref-type="fig"}, the diagnostic yield of EBUS-TBNA was 85.7% (48/56), the yield of C-TBLB/b was 57.1% (32/56), whereas pathologic diagnosis would reach 94.6% (53/56) if EBUS-TBNA was combined with C-TBLB/b.

![Diagnostic yield of EBUS-TBNA in malignancies (*n* = 56). C-TBLB/b, conventional-transbronchial lung biopsy/brush. EBUS-TBNA: Endobronchial ultrasound-guided transbronchial needle aspiration; C-TBLB/b: Conventional-transbronchial lung biopsy/brush.](CMJ-130-11-g003){#F3}

Histological diagnosis was successfully obtained in 78.6% (44/56) patients using EBUS-TBNA alone, in 44.6% (25/56) patients using C-TBLB/b alone, and in 91.1% (51/56) using C-TBLB/b combined with EBUS-TBNA. Of all patients, 54.2% (25/48) patients had diagnosis of adenocarcinoma cell carcinoma using EBUS-TBNA, which was the most common pathologic type.

D[iscussion]{.smallcaps} {#sec1-4}
========================

The conventional indications for EBUS-TBNA mainly include lymph node staging for lung cancer and diagnosing mediastinal/hilar lesions. Furthermore, it has been reported that the sensitivity and specificity of using EBUS in determining invasion of the trachea and bronchus by tumors were significantly higher than that of using CT and magnetic resonance imaging.\[[@ref5]\] In the present study, we investigated the efficacy of combined EBUS-TBNA and C-TBLB/b in peribronchial lung lesions suspicious for malignancy.

The outer diameter is a limiting factor which means convex probe endobronchial ultrasound (CP-EBUS) can only be inserted as far as the upper lobar bronchi and lower lobar basal segmental bronchi. We were able to complete the procedures in all but two patients, whose ultrasound images of the target lesion during EBUS-TBNA were unable to be acquired. When adequate ultrasound images were obtainable, EBUS-TBNA of peribronchial lung lesions showed a high diagnostic yield. We did not have any specific difficulty in using either 21- or 22-gauge needle. There were no complications and no damage to the bronchoscope. We did not obtain any false-positive result that did not match our clinical suspicion. Overall, we demonstrated better diagnostic yield with the combined approach than with either EBUS-TBNA or C-TBLB/b alone.

Obtaining a tissue diagnosis of malignancy is challenging in patients with suspected lung cancer. Here, we were able to get sufficient sample for histological diagnosis purpose, which is consistent with the findings of Navani *et al*.,\[[@ref6]\] who have shown that EBUS-TBNA can provide adequate samples for subtyping of NSCLC.

It has been shown that conventional-TBNA had a higher diagnostic yield in malignancies than in the nonmalignant lesions. Choi *et al*.\[[@ref7]\] also reported that the diagnostic accuracy of EBUS-TBNA was higher for malignant diseases than for benign diseases. However, in other studies, the diagnostic accuracy of EBUS-TBNA for benign granulomatous disorders was not significantly different from that observed for malignant diseases.\[[@ref8][@ref9]\] We suggest that CP-EBUS allows for performing real-time TBNA of the lesion, which might greatly improve the accuracy of the aspiration.

Taken together, EBUS-TBNA might be a sensitive tool for the diagnosis of peribronchial located primary lung cancer which is not visible with conventional bronchoscopy. The combination of EBUS-TBNA and C-TBLB/b might be favored for patients with suspected peribronchial lesions.
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